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Response u> Office Action of March 27, 2006 

REMARKS 

Claims 30-49 are pending in the Application, with claims 30-33, 37-39, 41-43 and 45-49 
withdrawn. Claims 34-36 and 44 are sought to he amended without prejudice thereto or 
disclaimer thereof any subject mailer contained within the previously presented versions of these 
claims. Support Tor the amended claims can be found, for example, throughout the specification 
and in the original claims. Applicants have not raised any issue of new matter. 

/. Specification 

The Examiner has objected to Applicants 1 specification for containing embedded 
hyperlinks, other form of browser-executable code and/or use of trademarks. Office Action, page 
3. Applicants have amended the specification as suggested by the Examiner, and respectfully 
request that the objection be reconsidered and withdrawn. 

//. Claim Objections 

Claim 35 is objected to for being dependent on claim 30, which is non-elected. Office 
Action, page 3. Applicants have amended claim 35 and request that this objection be 
reconsidered and withdrawn, 

IIL Claim Rejections 

A. 35 LtS.C. §112, first paragraph-- Written Description Rejection 
Claims 34-36, 40 and 44 are rejected under 35 U.S.C §112, first paragraph for allegedly 
"containing subject matter which was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that ihe inventor(s), at the time the 
application was filed, had possession of the claimed invention." Office Action, page 4. 

Solely to advance prosecution, and not in acquiescence to the rejection, Applicants have 
amended the claims. Accordingly, Applicants believe that this rejection is moot and respectfully 
request that the Examiner reconsider and withdraw the rejection. 
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8. 



35 US AJ. §J 12, first paragraph-- Enablement Rejection of Claims 34-36, 40 
and 44 



Claims 34-36, 40 and 44 are rejected under 35 U.S.C §112, first paragraph because 
allegedly M [tlhc specification does not enable any person skilled in the art to which it pertains or 
with which it is most nearly connected, to make/use the invention commensurate in scope with 
. . . [Lhel ^aims/ 1 Office Action, page 6. 

Solely lo advance prosecution, and not in acquiescence to the rejection, Applicants have 
amended the claims. Accordingly, Applicants believe that this rejection is moot and respectfully 
request that the Examiner reconsider and withdraw the rejection. 

C 35 U.S.C. §1 12, first paragraph- Enablement Rejectkm of Claims 36 and 40 
Claims 36 and 40 are rejected under 35 US.C §112, first paragraph because allegedly 
"the specification is devoid of any leaching that said proteins provide an effective vaccine against 
any disease." Office Action, pages 8-9. Applicants respectfully disagree with this rejection and 
respectfully request that the Examiner hold it in abeyance until all other issues have been 
resolved. 



IX 35 UJs.t\ §112, second paragraph- Distinctness Rejection 
Claims 36 is rejected under 35 U.S.C. § 112, second paragraph, as allegedly "being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention." Office Action, page 10. In particular, the Examiner asserts 
that 

Claim 36 is rendered vague and indefinite by the phrase "a vaccine for 
combating Ostarata^ia ostertagi infection. 11 To combat an infection, there must 
be an infection lo fight, however, a vaccine, by definition, prevents infection. 
Therefore, a composition for combating infection cannot be a vaccine. 

Id. Applicants respectfully disagree. 

The M.P.E.P. clearly states that the perspective of the skilled artisan is an important 
factor in determining the definitcness of a claim. See M.P.E.P., 8th cd., § 2173.02 (revised 
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October 2005). Here, the skilled artisan would readily understand thai one can combat an 
infection by preventing its spread from one herd of cattle to another, or iiom one cow to other 
cows within a herd. Hence, one is combating an infection with a vaccine even though the 
infection is present. Moreover, Applicants fully disagree with the Examiner's assertion that in 
order to combat an infection, there must be an infection to fight. Applicants assert that the 
infection is being combated by, Ibr example, preventing it from establishing itself in the host 
organism. 

Other recitations within claims 36, 40 and 44 have also given rise to a rejection under 35 
U.S.C § 112, second paragraph, for allegedly "being indefinite for failing lo particularly point 
out and distinctly claim the subject matter which applicant regards as the invention." Office 
Action, page 10. Solely to advance prosecution, and not in acquiescence to the rejection, 
Applicants have amended these other recitations within these claims. Accordingly, Applicants 
believe that this rejection is moot and respectfully request that the Examiner reconsider and 
wiihdraw the rejection. 

/?. Rejections Under 35 US.C. § 102 
i. Clacrehout et aL 

Claims 36 and 40 are rejected under 35 U.S.C. § 102(a) for allegedly being anticipated by 
Claerebout et aL Office Action, page 11. In particular, the Examiner refers to slides 4^5. See id. 
Applicants respectfully traverse the rejection. 

The M.P.E.P. clearly slates that "[t]o anticipate a claim, the reference must leach every 
element of the claim." M.P.E.P. 8ih ed„ § 2131 (revised October 2005). I lence, notwithstanding 
the availability of a reference as prior art based upon its publication dale, a rejection under 35 
U.S.C. § 102 cannot be set forth unless the reference describes each and every claim element. 

Applicants' claims 36 and 40 are both ultimately dependant upon claim 34, which is 
directed to a 30 kD protein as depicted in SEQ ID NO: 10. Hence, by necessity, claims 36 and 
40 each include the 30 kD protein identified by SEQ TD NO: 10 as a claim element. In contrast, 
Claerebout at aL fails to mention any 30 kD protein, much less SEQ ID NO: TO. Therefore, 
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Claereboui t>.t al does not anticipate Applicants' claims 36 and 40. Accordingly, Applicants 
respectfully request that the Examiner reconsider and withdraw the rejection. 

Moreover, Claereboui et al. cannot be used to set forth an obviousness rejection of the 
claims. The M.P.E.P, slates that among other requirements 

[tjo establish a prima facie case of obviousness, . . . there must be some 
suggestion or niotivalion, cither in the references themselves or in the knowledge 
generally available to one or ordinary skill in the art, to modify the reference or lo 
combine reference teachings. . . . lT]he prior art reference (or references when 
combined) must [also] teach or suggest all the claim limitations. 

M.P.E.P. 8th cd., §2143 (revised October 2005). Because there is no suggestion or motivation to 
modify Claerebout et at. or to combine it with other references, and because there are no 
references with which it can be combined to teach or suggest all of the claim limitations, an 
obviousness rejection based upon Claereboui et al. cannot be set forlh. 

2. Silverman 

Claims 36 and 40 arc rejected under 35 U.S.C. § 102(b) for allegedly being anticipated by 
Silverman (U.S. 3,395,218). Office Action, page 11. In particular, the Examiner refers to 
column 4, lines 6-35 and column 3, lines 16-18. See id. Applicants respectfully traverse the 
rejection. 

As described above, the M.P.E.P. clearly states that "[t]o anticipate a claim, the reference 
must teach every element of the claim." M.P.E.P. 8th ed., § 2131 (revised October 2005). 
Hence, notwithstanding the availability of a reference as prior art based upon its publication dale, 
a rejection under 35 U.S.C. § 102 cannot be set forth unless the reference describes each and 
every claim element. 

Applicants' claims 36 and 40 arc both ultimately dependant upon claim 34, which is 
directed lo a 30 kD protein as depicted in SEQ ID NO: 10. Hence, by necessity, claims 36 and 
40 each include Lhe 30 kD protein identified by SEO ID NO: 10 as a claim element, in contrast, 
Silverman fails to mention any 30 kD protein, much less SEQ ID NO: 10. Therefore, Silverman 
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does noi anticipate Applicants 1 claims 36 and 40. Accordingly, Applicants respectfully request 
that the Examiner reconsider and withdraw the rejection. 

Moreover, Silverman cannot be used to set forth an obviousness rejection of the claims. 
The M.P.E.P. states that among other requirements 

ft]o establish a prima facie case of obviousness, . . . there must be some 
suggestion or motivation, either in the references themselves or in the knowledge 
generally available to one or ordinary skill in the art, to modify the reference or to 
combine reference teachings. . . . [Tjhe prior art reference (or references when 
combined) must [alsoj teach or suggest all the claim limitations. 

M.P.E.P. 8th cd., §2143 (revised October 2005). Because there is no suggestion or motivation to 
modify Silverman or to combine it with other references, and because there are no references 
with which it can be combined to teach or suggest all of the claim limitations, an obviousness 
rejection based upon Silverman cannot be set forth. 

J. Pastan et ai 

Claim 44 is rejected under 35 U.S.C. § 102(b) for allegedly being anticipated by Pastan at 
ai (U.S. 6,232,086). Office Action, page 12. In particular, the Examiner refers to column 22, 
lines 58-66, See id. Applicants respectfully traverse the rejection. 

As described above, the M.P.E.P. dearly states that n [t]o anticipate a claim, the reference 
must teach every element of the claim." M.P.E.P. 8th ed., § 2131 (revised October 2005). 
Hence, notwithstanding the availability of a reference as prior art based upon its publication date, 
a rejection under 35 U.S.C § 102 cannot be set forth unless the reference describes each and 
every claim element. 

Applicants 1 claim 44 is ultimately dependant upon claim 34, which is directed to a 30 kD 
protein from Otfertagia ostertagi as depicted in SliQ ID NO: 10. Hence, by necessity, claim 44 
includes the Osterlagia ostertagi 30 kD protein identified by SEQ ID NO: 10 as a claim element. 
In contrast, Pastan et al fails to mention Ostertagia ostertagi, much less any 30 kD Ostertagia 
ostertagi protein or SEQ ID NO: 10. Therefore, Pastan et ai does not anticipate Applicants' 
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claim 44. Accordingly, Applicants respectfully request that the Examiner reconsider and 
withdraw the rejection. 

Moreover, Pastan et ai cannot be used to set forth an obviousness rejection or the claims. 
The M.P.E.F, states that among other requirements 

[t]o establish a prima facie case of obviousness, . . . there must be some 
suggestion or motivation, cither in the references themselves or in the knowledge 
generally available to one or ordinary skill in the art, to modify the reference or to 
combine reference teachings. . . . [TJhe prior art reference (or references when 
combined) must [also] teach or suggest all the claim limitations. 

M.P.E.P, 8th cd., §2143 (revised October 2005). Because there is no suggestion or motivation to 
modify Pastan et al or to combine it with other references, and because there are no references 
with which it can be combined to teach or suggest all of ihe claim limitations, an obviousness 
rejection based upon Pastan el ai cannot be set forth. 

4. Coyne 

Claims 34-36 and 40 are rejected under 35 U.S.C § 102(b) for allegedly being anticipated 
by Coyne (U.S. 6,017,757). Office Action, page 12. In particular, the Examiner states Ihe 
following 

Coyne discloses an Osteriagia ostertagi protein with an approximate 
molecular weight of 29-33 kD (see column 25, lines 14-17). Due to the similarity 
in molecular weight between the protein disclosed by Coyne and the protein ol the 
instant invention il is deemed, in the absence of evidence to the contrary, that the 
two proteins are the same. 

Id. Applicants provide evidence herewith demonstrating that Coyne does not disclose 
Applicants' proteins. 

Immediately following the excerpt cited by the Rxamincr, Coyne states the following: 

Furthermore, these Con-A binding fractions were shown to possess 
aminopeptiduse-M activity. The significance of these data is that analogous 
proteins of similar molecular weights harvested from parasite intestinal cells 
possess both nminopeptidasc-M activity and Con-A binding avidity (McMichael- 
Phillipsel al., 1995). 
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See U.S. 6,017,757, column 25, lines 17-23. Hence, the 29-33 kD proteins identified by Coyne 
have aminopeptidase-M activity. 

Aminopeptidase M is an enzyme classified as EC 3.4.11.2, and is also termed 
Aminopeplidase N. See Exhibit A. Moreover, all such aminopeptidases have several consensus 
sequences, as shown by Figure 3 of Knight, P. J. K. et al y J. Biol. Chem. 270: 17765-17770 
(1995) (provided herewith as Exhibit R). Because these consensus sequences cannot be found in 
SEQ ID NO: 10, it is clear that SEQ ID NO: 10 does not belong to the same class of proteins to 
which the Coyne 29-33 kD proteins belong. Hence, Coyne does not anticipate Applicants' SEQ 
ID NO: 10 or claims 34-36 and 40. Accordingly, Applicants respectfully request that the 
fcxaminer reconsider and withdraw the rejection. 

Moreover, Coyne cannot be used to set forth an obviousness rejection of the claims. The 
M.P.E.P. states that among other requirements 

[tjo establish a prima facie case of obviousness, . . . there must be some 
suggestion or motivation, cither in the references themselves or in the knowledge 
generally available to one or ordinary skill in the art, to modify the reference or to 
combine reference teachings. . . , [Tjhc prior art reference (or references when 
combined) must [also] teach or suggest all the claim limitations. 

M.P.E.P. 8th ed M §2143 (revised October 2005). Because there is no suggestion or motivation to 
modify Coyne or to combine it with other references, and because there are no references with 
which it can be combined to teach or suggest all of the claim limitations, an obviousness 
rejection based upon Coyne cannot be set forth, 

IV. Conclusion 

Applicants do not believe that any ruber fee is due in connection with this filing. If, 
however, Applicants do owe any such fee(s), the Commissioner is hereby authorized to charge 
the lcc(s) to Deposit Account No. 02-2334. In addition, if there is ever any other fee deficiency 
or overpayment under 37 C.F.R. §1.16 or 1.17 in connection with this patent application, the 
Commissioner is hereby authorized to charge such deficiency or overpayment to Deposit 
Account No. 02-2334. 
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Applicants submit that this application is in condition for allowance, and request that it be 
allowed. The Examiner is requested to call the Undersigned if any issues arise that can be 
addressed over the phone to expedite examination of this application. 



Respect 




Aaron L. Schwai 
Reg, No. 48,181 
Attorney for Applicants 

Patent Department 
Intcrvet Inc. 
P.O. Box 318 
29160 Tntervc! Lane 
Millsboro, DE 19966 
(302) 933-4034 (tel) 
(302) 934-4305 (fax) 
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Molecular Cloning of an Insect Aminopeptidase N That Serves 
as a Receptor for Bacillus thuringiensis CrvIA(c) Toxin* 



(Received for publication. April 28, 1»»3) 



Peter J. IC Knifhti, Barbara tt. Knowlesftl, and David J. Ellartl 

From th^ tDtfXu^m^nt ofBiucftem^try, University of Cambridge, Iannis Court Rood, CambruU- CB2 1QW> 
United Kingdom and the Wemrtrrusnt of Zoology, University »f Cambridge, Downing Slrvel 
Cambridge CB2 :ip;.f, Untied Kingdom 



i 



i 

I 



The Aaciliu* thuringitnais CrylA(c) Uuuscticidal 6^en- 
dotoxiii bind* to a lSSQ-kDa glycoprotein receptor in the 
larval midgut epithelia of the susceptible ln»evt 
MiutducQ M*xi*. This glycoprotein has recently been pu- 
rified and Identified as ami no peptidase N. We now re- 
port the cloning of aminopeptidase N from a M* sexto, 
midgut cDNA library. Two overlapping clones were iso- 
lated, and their combined 3096-micleotido sequence con- 
tains an open reading frame encoding a 990-rcsidue pre- 
pro-protein. The N-terminal amino add Sequence 
derived from the glycoprotein is present in the open 
reading fro mo, immediately following a predicted cleav- 
abte signal peptide and a propeptide. Them nre tour 
potential iV- linked glycosylatlon sites. The C-terminol 
sequence contains a possible gryoosylphospnatldylinoai- 
tol (GPD anchor signal peptide, which suggests that, 
unlike most other characterised amtnopeptidages, the 
lepf dnpteran enzyme is anchored In the membrane by u 
GP1 anchor. This was confirmed by partial release of 
amiaopeptidasD N activity from At. mea±* midgut brush 
border membranes by phosphatidyl inoeitol-epecifie 
pbnsphoJipase C. The deduced amino acid sequence 
shows significant similarity to the sine-dependent ami- 
unp«ptidaBe gene family, particularly in the region sur- 
rounding the consensus sine-binding motif characteris- 
tic of these enzyme*. 



The target of insectiddsJ Bacillus thuringiensUt crystal 6-cn- 
dotoxina is the apical (brush border) membrane of larval mid- 
gut cullt* (IK In vitro binding uauays have demonstrated that 
the OrylAte) toxin binds specifically and vrith high affinity to a 
single receptor species in brush border membranes prepared 
fnim larvae of the susceptible lepidopteron. Mandum itcxtu (2). 
T.igaud Wotting experiments have identified a Binglc 120-kOa 
Loxm -binding glycoprotein in M. Mrta larval midgut mem- 
branes as the ihcwt likely candidate for the cellular OylA(c) 
receptor (3, 4). 

We recently reported the purification of this 120-kDu putH- 
tivc receptor from M. sexto midgut membranea by a cornhina- 
tion of protoxin affinity chromatography and anioji-exchan^e 
chromatography (5). N-tenninal Hnd internal partial amino 
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acid sequences were similar to sequcjuau* of the ectoenzyme 
aminopeptidase N, and the purified l!KVkDu glycoprotein dia- 
played aminopeptidase N but not alkaline phosphatase activ- 
ity- CrylA(c) toxin itself had no apparent effect on aminopep- 
tidase activity over a ranxc nf concentrations. In lignnd blotting 
experiments, the purified glycoprotein had the cluiructeristics 
predicted of the receptor; it hound CryIA(c> toxin in the prea- 
ence of OlcNAc but not GalNAc, it bound the lectin SBA, but it 
did not lrind Cry IB toxin (Rcf. 6 and rcforonces therein). 

The same glycoprotein war partially purifled by Sangadala 
et ui. (A) who uaed isoelectric focusing und immunoafflniry 
chTomatogruphy to obtain a mixture of 12(W and 65-kDa midgut 
brush bordflr proteins from M. ocxta. .Both (jrlycotproteinR 
bound CryIA(c) toxin in ligand biota, although the 120-kDa 
band wa» the major toxin-binding component <4). Eniyme 
aaya rcvvuled both aminopeptidaae and alkaline phosphatase 
activity in the partially purified preparation, and the I20-1lDh 
prolcin was identified as orainnpeptidaae N from the partial 
amino acid sequence. When reconstituted into phospholipid 
veuicles. tho protein mixture increased toxin binding by 35% 
and enhanced toxin-induced ^Rb"* releaae up to lUOO-fold. 
This important rcault ia the first (and so far only) demonstra- 
tion that a partially purified receptor can potentiate the action 
of a toxin in vUm. 

ArmnopeptidoKc N (CO 13; microsomal uminopoptidaac; 
u^aminoacyl-poptida hydrolase (microeomal); EC 3.4.11,2) is a 
well documented ainc-depandent peptidase that catalyses re- 
moval of N-terminal, preferentially neutral reinduea from pep- 
LidfiR (reviewed in ReL 7). This ccUa!n7.yTOe is commonly found 
in tlie brush border membranea of tho alimentary trm* in u 
variety of different organisms. Recent reports have shown that 
a numlier of corona viruses and a herpesvirus use aminopepti- 
dase K as a receptor in their target tissue (8-10). 

Following receptor binding at. the midgut epithelium t tuxrna 
probably act by opening nonspecific channels or porea in the 
membrane, which leads to collnid oamotic lyaia of midgut cells 
and ultimately the death of the insect (11). With thw aim of 
understanding both the biochemical baais for toxin spacificity 
and the macho niaiitfs) by which membrune insertion and cytol- 
yais occur, we have cloned and sequenced the cDNA of M. mixta 
aminopeptidase N, a putative CrylA(c) n?<»ptor 

EXPERIMENTAL PROCEDtJURS 

Polymery Chain ftwvUon Amplification— PCRo 1 wore parfi»rmvd 
by flUtndord techAiquoa (12) Trthe PCR product waa u» be oequfrnc^d, 
Pfii DNA polymeraau <Atmtogen6> was used in the amplification be- 



abbrovialiotiK imcd are: PCR. polyivimiw chain reaction; 
HHMV. bruah border membrane veaiclcn; bp, ba«« puirfofc ni, nncleo- 
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cause of it* high fideitty. Otherwise, Tuq UNA Polymerase (Proinvtfa) 
we* um:d in all PCRfi. Single-slrandcd cDNA from Af. serta mirtfrut 
brunh border membranes wm prepared as described previouaJy (6). 

O/tfo/ieeJeofiuif Synifwis and Labeline Ob^uclcctfdee used a» 
PCR priiDOre and hyhriHfzation probe* were synthwizedon u Milhporv 
Expedite 890A nacloic add &ynthf»i2*i\ Oligoncdeocjde probes were 3' 
end-tobclod with di^xjganin using the digoxigenin oliconucJeotirie tail- 
ing k>t from Bochruigur Mannheim and wvre uued according to the 
manufacturers recommendation*. 

cDNA Ctnning and Sequencing- The M. Mxta midgut brudi burdcr 
rticmbrone cT)NA library irt Ac* 10 was n gift, from Dr. J. Van Hie, Plpnt 
Oenotic System*, Belgium, The library wsi strooned by the PCR-based 
microti lur plate technique described by Israel 113). Briefly, 8000 pfu 
arranged at 126 pfWwell in on 8 X 8 w*U array war* actwncd by FUR 
(primoni 3K nnd 6R). Two well* t*«t«d positive, and the phngc from 
those were tftered and nwcrwrned at 4 pfu/weU. One PCK-poaStive well 
from the ©eccudury screen was selected, individual phage donee were 
plaquo-purlfled, and phage DNA wu« prepared by the pW \y*i B 
method <12). Their identity n 9 aminopepUdase N clones was confirmed 
by Southern b lotting 

Subctoning and DNA Sequence An*l y *h— The XAPN cDNA insert 
won uxn«od from the phage vwtflr with EcoRl and eubduncd into 
Z&wKl-cut pBluTOcript II SKl - > (Strata geru,) The aS'AFh blunt-ended 
PCR product ww «ubcloned into KW>RV-cut pRh; ©script It HKt-), and 
th c phage vector sequence was excised on a BomHT fragment. All 
Bubckning opcroljuns were performed by uLandurd techniques (12). 
UNA was sequenced on on Applied Bioayatemn Inc. 37$ automated 
DNA sequencer, using an Applied Riosysteme Inc. Dye-Pcoay Tcrmi- 
netor Cycle sequencing kit. A dniihle^trnnded nested deletion Wit 
(Pharmacia Biotech Inc.) wne used to generate a act of progressively 
fwnaller subclone uf AAPN for sequencing. All clones were Completely 
sequenced on both Strands. DNA and protein sequences were assembled 
and analysed using the Genetic* Computer Group program package 
(U) end the LofuvjitMitf package (DNASTAR). 

PI PLC Di£€$ti4n* and Atninopvptidax N A^- Af. Stxiu brush 
border membrane vrauAau prepared na dt*eribed (15), were tmapttiulcd 
at 9 mg/ml in phosphate-bufTernd sabne (13? mK NaCI, 2.7 mu KOL 10 
mM Na^KTO., pH 7.4). n-PLC from Bnct/fo* c+nuS (Sigma) was added 
at a final concentration of 2 unite/ml and incubated for 00 min at 30 °C. 
Thw vesicles wore pelleted by eentnfugation nl 13,000 * g for 10 mixC 
th« pellet resuspended in thw nanm volume of ph&sphate-bufTurud su- 
line, and the supernatant and pellet assayed for aoiujopeptidns* and 
alkaline phcephntise activity as described (K). Cimtro] release was 
mftftaisrvd under the same condition* in Lhp absence of PI-PLC. Bel ease 
by detergents was corned out by the same method, using final concen- 
tration* of 0.1* (wv) Triton X-100 or 0.5% (w/v) CHAPS 

RESULTS 

Partial Amitui Ar.'ul Sequence and PCR— -Following purifica- 
tion of aminopepttduac N from Af. sexto midgut epithelium, 
both N- terminal and internal partial amino acid soqiiences 
were obtained from the glycoprotein. A possible overlap be- 
tween the N -terminal sequence and internal amino acid ae- 
quonce 77 (5) was tested hy nested PCR using fully degenerate 
primers. When subcloned and aeqvcneed, the cDNA aequencc 
confirmed the overlap between the two partial amino acid 
sequences and ulwi yipOdod 46 bp of unambiguous, aminopopli. 
daae N gene sequence (nt 139-183 in Fig. 2), which was used to 
dWiun h unique forward PCR primer 3F and an oligonucleotide 
probe 4F (Fig. 1). 

A fully degenerate an ti sense reverae PCR primer 3R was 
designed from internal amino acid sequence 68.5, QIVDDVF 
(5). This, primer wuu used in conjunction with forward primer 
3F to amplify frngmt'nLH of aminopaptidase N cDNA from Af. 
sexta midgut Rlngle-atranded cDNA preparations <Fig 1) A 
single 1700-bp FCR pnxluct was identified by hybridization 
with 4F and was gel-piirilicd and directly sequenced. This 
unambiguous gene *eou»nce was used to design a unique re- 
verse fCR primer 5R (see Fig. 1>, situated 345 bp downstream 
of the unique forward PCR primer 3F. 

fsnforion of Two Overlapping CUiruw for Aminopeptidase 
N Thu unique primer pair 3F/5R was used to tureen a Af. sexta 
midgut cDNA librury in AgtlO using the high stringency PCK- 
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3P 


AGACATTACGCTGTGAC 


140- 156 


4F 


CCTCACfCCATACnTCACCTCCTACC 


157-183 


5R 


TTCTATOGACtJlACtlAACnTCrCTACAACCC 


513-482 


BR 


gtcaaac^atccactcacjcctcacacc 




OR 


CTAAWrCTTGGCCGGGTCCTACTAG 


123 .148 


g«'F 


GCTCAACGTOCXXAACAAATCTAAC 





Fiu 1 , Amincipeipildaae clones and FCR primers. A, relationship 
between AC'APN (ttip) end XAPN (bottom} and location of oligonucleo- 
tides used aa PCR primers Carro**) and hybridization probes Hints). 
Primer SR [broken Urn) in s mHy degenerate oligonucleotide predicted 
from partial amino acid eonuepcc, while all other oligonucleotides are 
designed from a unique cDNA sequence. The scale refer* to thp position 
in the combined ct)MA vcqw:ncc (Fia> 2). B, sequence of unique otigtf 
nucleotide used in PCR amplifications 

based technique of Israel (13). 8000 phage clones were 
screened, and one positive recombinant phage, AAFN, was ob- 
tained. Although the 2*fe)4.bp cDNA insert (nt 102-31)96 in Fig. 
2) was round to contain an open roading frame that encoded tho 
N terminus and all eight tryptic peptide* derived from the 
purified protein (6), no initiadng ATG codon was found, indi- 
cating that done AAPN does not contain the total mRNA ee- 
qnence Attempts to obtain the missing 6' end of the mRNA try 
ft' -rapid amplification of cDNA enda (16) were unsuccessful, 
and therefore the cDNA library was screened again by nested 
PCK, using a forward primer (gtLF) sited in AgtlO and two 
nested revarae primer* (8R and 9K) at the 5' end of clone AAFN 
(see Fig. 1). A single 350-bp FCR product, AS'APN, was ob- 
tained containing 148 bp of aminopoptidaae N cDNA (nt 1-14H 
In Fit'. including a 47-bp overlap with tltu 5' end of AAPN. 
The nirw 6* cDNA still did not contain an initiating ATG codon, 
but it did encode a putative N-terminal deavable signal peptide 
f aee below). 

Nutdrotuie and Deduced Amino AciH Sequence — Bnth AAPN 
and AG'APN cDNAs were subcloncd and sequenced on both 
DNA strands as described under "Experimental Procedures-" 
The combined 3095-bp nucleotide sequence (Fig. 2) has an 
in frame ATG codon at the 5' and of the cONA (nt 94-96), hut 
tins in probably not a Btart codon uincK it does not meet the 
criteria fox u Kozak consensus tranaUtional initiation Rite (17). 
Thcrefora } the combined cDNA sequence ia presumed to be 
missing a ft' upstreuin sequence, including the initiating ATG 
codon. There is a Kjtu? open reading frame starting at nucleo- 
tide 2 and extending 2fi7() bp to u TAA stop codon at nucleotide 
2071. The short 124-bp 3' noncoding region includes two addi- 
tional in-frame stop codon 8 and two consensus AATAAA pnly- 
adenylation signals contained within a 17-bp repeat (nt 2989- 
3006 and nt 3064-3081, Fig. 2). whivh may imply the occur- 
rence of polymorphism in the # noncoding region of the mRNA. 

The 2970-bp open reading frame encodes a protein of 990 
residues (Fig. 2). The N-trrminal sequence of the mature (pu- 



PAGE 24/29 ' RCVD AT 8/24/2006 1 :30:02 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-5/1 6 1 DNIS:2738300 » CSID: 1 DURATION (mnKS):05-12 



AUG-24-2006 13:33 From: 



£ 



& 



BEST AVAILABLE COPY 



To:USPTO 



ft thuringiensia CrylA(c) Toxin Receptor 



g TTT ACC ATT TTC TTC COG CTC GCC CTT CTC CAG C1HC CTT CTT ACT 7TC AGC OX" ATA CCC CTC OCA CAA CAA CAA TCC GCC CAA TTC nv 
-■ frl*CYALLQti y I. T LSPIPVPB 



B B 



S 



A 2° °? T J° T ™ C,CT XCT ACC CCC CCA ACiA CAT TAC OCT CTG ACC CTC ACT CCA TAC '11T C.AC OTG OTA 

a m r J--*- J 1 - - T - M * y A v T L t p y f a v v 

CCT OCT OCT CTC ACC CCC f*TT Art- ACC TTC ACT TTT CAC CCC OA* VfC ACC ATC TAC ATA TCC CCC *CT CAA IJr AAT CtVaJ^CAG ATC 
J - - - - <L - I C G '< T T PS » DCS VP i v tSPTOANVME I 

ftTT rrr CAC TCC AAT CAC TTC ACft *f A CAC ACT CTC AOC CTA AC. TAT OTT ACT OCT AAT ACT CAC lITtJ OAT ATC ACC CCA ACT CCA CAA 
VI HC,,,| >LTTQ3LFVfyV3OH5EvnTTATC0 

ACT TTT ACC TCT <iAO ATC CCC TAC ACT TTT CTC ACA ATA ACC ATC TfT ACC CCT CTA CTG ATC AAC < ** CAC TAT ATT ATC ACG ACT ACC 
TrTCBHkYSFLRXRTRTPLVKNOBYl I R C T 

TTT AGA GCC AAC TTC CMS AJT A AC ATCS AGA GUC TTC TAC ACA ACT TCC TAC CTC CAT ACA ACC CCA AAC ACA TCC ATC CCT MV. ACC CAA 

T I C C ^ CAT CCC CCT CAA COG TTC CCT TCT TAC GAT GAG CCT OCt TTC AAC CCC *0C TTC CA<T ATT ACT ATC AAC A«A OAA CCC 

PC H A R O A F P C Y D B ^CfkATFDZ T M N H *c A 

CAC TTT ACC CIT; atc ATA TCT AAT ATC CCT ATT AOO OCT ACT ACC ACC CTC ACU AAT CX1A CRT ATT TCC CAA ACA TTT 1TC ACC ACT CCC 

vrE, *'TIHNMPlRATtTLTNCJ»ISRTpPTT P 
TTC ACA TCC ACC TJT CTC CTf CCC TTC ATA CTC TTT CAT TAT CAC CTC ATT TCT AAC AAC AAC AAT OCA CCA CCC CCT TM ACA ATC TAT 



?TT" N T ?^f ^TT 1 ???^ AT * « T ™» TTA CCT ATC CAC AAT r*T ACT CCA A T A CCT 



TAT r^- ACC ATC CCA CAA AaC u-, T «at ATC AAft CAA CCC CCC ATT CCC CAC TO TCT OCT OCT CCT ATC CAA AAC TOG CCT CTC TTC ACA 
KA0KLr ' MK Cj*Al PDPflACAHBNWOLLf 

TAC AOO CAA CCC CTC ATC TV* T*r CAC CCC CTC AAT TCC AM,. GAT CAC TAC C6T CAC CCC CTA CCC AAC ATT CTC TCC CAC CAG ATC CCT 

^^W^tJHMYlRQAVAH f t *V 4 H H I A " 

T ^ T f IT 7T*??? lai fS * T W.CTT TGC CTC AAC CAA -PT1. ^ COG TTC TCC CAA TAC TAC CT-f 

Ji 2 2 f C| Kl. VTCAffWDN Li. W I V R C r I A R P 9 Q Y X L 



ACT OCA ACC CTC CAC CCA CA« CTC CCT TAT CAA ATT CCT 



E 



li 



T«n* a-pc CCA CAC CAC CTT CAA WTO OCC ATC TTf TCT GAC TCC CTA CAC ACC 



T T °r T *?" T TVTT""??? ^ T T ^T?*? T V T ACC ctA m 061 * TC 



CCC TAC CJC CTC TTC ^ CCT TTC CJT CCT CCC CW CCT ^ *AT CCT CTC CCv « TJC A ? OCC ATC ACT ATT CAC CTT TAC TTC 

TTTVTTTTTTT T ?T? V " T ^ TTT T ^ *? ° L V T T •£* *S» T 2° 

tT't'TTTTTT?"?' T* 108 " T Atc ^'^^"k^wotcu etc wa ac m <n« mc ci« 

"""TCSVSRrjei. WHtriTWTKAOAPUJRMt, 
AAC CCC TCC CAA CTT ATC Mf UUA CAtl ,W TtA CTC ATT OAC CCT «7T ACC ACA OGA CAA CAC «TT ATC THT AAC AAC CAA OTA TCA 

^ ri,uv,BTO C*l.VXORCTMC9^ ^WVI F N K Q V S 

COT TTC TAC CCT CTC AAC TAC liAX AAT ACC ACC TCC CCT CTC ATC ACA AGG OCT m Z£ W CC^ Vc'a^aI A ATT CAC CAA T*u 

TRVtfYD ^^1^ W01.ITHAI. RSAKRTVlHBL 
ACT CO, TCT CAC ATA CTA CAC CAT TTC CAA CTC OCT ACA Tec OQC CTC ATC TCA TAC CAA CCA OCA CTT AAC ATT CTC TCC TT»C W 

^ — — — — — m m m tm » * V A L W J lj J T L 

»<» TTT OAA OAC CCO TAC CCA CCT. tj, TTC «C OCC ATC AOC «CC TTC AAC TO OJC ATC ACC ACA W «C CAT OAC OCC CCC AAT «A 

rtrw, »***CPNWVI RKFAIIUAANL 
CAA ACT TTA CAC AAC CAA ATC ATV OOA CTO A6C CAA rrt tjrrz CCT CGG CTT GOC TTV ACC GAA CTA TCC COT 00 ACT TAT ATO AOC 

" VKC * TT «' LSEAVVARLCPTBVAC CTTHT 
CAC CTC CAC AOC TTC CAT CTA ATC ^•t' ^w** J* 1 " 1 * c **^ ! OCT CCA ACA CAC AAC TTC TTO AAC 

ACC AAC CCT ACC TTT ATC CTTA CTT AAC ATC CCT CCA TOG CTR TAC TCC ACT GGT CTT CCT TAC GOC TCT CCT GAG CAC TTC AAT TAC TTC 
— * N N V P If V Y C T CL R Y « _ _ ^ _ D jr vj y r 

TOG AAT CCT TAC. ATC C T C T ^ **** t7TT GTG ATC CTC LiAA OCX'. CCC (5CT TCC A^C OCT CAX "all»"i" TO GAG 

Kw vhi^baacctrdoasi. k 

aac TT^T.TT VT *T T ^ T T T T ^ TT^^TT?? A T° T T T T 

T AAC ACC ATC ACA CCC TTC CAC ,^ TTC ACC AAC AAT CTA CAT CAA A TT CCX AJf CTT OCT iM^T ATC ACC TCC <XC CTC AAC ACC 

ATC Act; ACC CCT CTC TTC ACC GAG UCA CAT. ATG ACT CAC CTA CAA ACT TCC CTT CAC CCA AAT CCT AAC ACC ATC GCC OCT CCC TAC Aac 

- L - . 2 . & - - M - - T - -<1 - £ _ 2 - J_ _ W _ _ £ . £ _ W T T G A A Y N 

^ ^ ^ C ^ C ^ ft W OK ACA TCC AGA OCT AAT CTC GAC TCC TOO OCC AAC ACA ATC TCT CAG TTf" CTO CCC TTC TTC GAA ACT 

1 A 1 ^ R ^-J*.«*1. A _ . M . P H S B r L R r k B T 

TTC OTC «AC CAT CTT OCT ACT CAA CCG ACT ACT CTT UCO CCC CCT <ICC CAA ACT aCC CTC ACT CCC TCT ACC TTC CCT COG 



tU9i 
C 



AOC CTA <*. A 



P. 25^29 



17767 



30 

101 

60 

271 
90 

261 
120 

4M 
1*9 

v41 

691 
210 

721 

240 

811 
901 

I OA l 
360 

J90 

420 

4no 
taa 

4 60 

1331 
5io 

1621 
StfO 

1711 
$70 

lOOl 
(00 

luvi 

630 

««0 
□ 071 

2161 
720 

2231 

7S0 

7341 

/MO 

2031 
U10 

««o 

2blt 
BIO 

i/Ol 
900 

•4»91 
930 

iuoi 

960 



~ ' ^""" ' ^VAPpABTfVTPBTPpiiTVA 

Ceo ore act Act cca con ^ «.^c tca QGa AAC atc ore err trc aoc CTT arc acc CTC CTc otc aca CTT GCC ATT AAC atg cta ere 

A A. .... H 1 A A La V V 3 L tVT LA T MMVA 

r^a a r *r u t WCt^^JCUatAATAAArA^cca tt t ai<jt*Jt« 1 1 1 tta ttta»»* M «at cc<j*r.t^Ctf u Lcaaagtcta jq^gc tg t etc cqtAAT AAAt att t t ear ocaa t 
fry L«* 

Kul 2 8*cu.,nce of M. *exU> aminopvjittdaM N cDZMA and deduced iming. A*id m^uviiob. The putoiivo N-t*rm.ixal cUrvmLIo alunul 
pooUde in tuui*rUn*d a,id conjwnsuR JST-Unkod glyconylfttion mUe ore du„6^umto-/i7i«f . Partial amino nod noquencAA r^ m the puriflod protein 
arc 6rote« uruterii/wrf and the N-termmal ryaidiiG of the moturo proton determiABd by Rdmnr. degi*d»ti0(i is deaieoaUnl hya a. The rmc 
b^din^AUlyUc Bite (gla».rtcin motif) » nottro'. Tbo QPI ftignal pvptide la dot-underU7ud t and A indicates the probable deavo^^ttachnumt niV 
of the anchor meaety. E^^^i.Lm in the 3 -untranslated tail Are untirriined, and tbo two poJyadenyluUon signals are in capital* 



2971 

J091 
3090 



t 

<a 

i 
> 



<2. 

3 



PAGE 25/29* RCVD AT 924I2006 1:30:02 PM [Eastern Daylight Tone] * SVR:USPTO-EFXRF-5/16 4 DNIS:2738300 • CSID: » DURATION (mnws):05-12 



AUG-24-2006 13:33 From: 



BEST AVAILABLE COPV 



To:USPTO 



p.aG^a9 



17768 



H. thuringierisis CryIA(c) Toxin Receptor 



y d f 



6 



<3 



4 



PlG. $. Arainopcptidaae tcqueiiuv 
alignment. Alignment of the deduc e I 
amino acid Beqimncun of ami nope ptidm»c 
N from M. eexta with aminopeptidasc N 
from human (18), rabbit (19), and rat (lit)). 
nminopeptidaao yocJI from $, eertuuiae 
(2 1 ), idanina ArainopepLidnw- (pepN) from 
L. UtUbrucku (22\ and \\\k amino pepti- 
daao A from hum on (24 > and mouse (83) 
Letters in the ix>n*cnsOA NCuuence i**pr<v 
sent residues common to all sequences. 
M umber* to the left rarer to the fir*t ree> 
duo in each line relative to the start codmi 
of each respective primary sequence A, 
highly conaerwd block including the xinc 
Mndin^caulytic flite typical of the tunin- 
Opcptidaae family of giurindiw. CW- 
scrved sequences are W The gluxincin 
nmtif ia shown above the. mnaen»ua bo- 
qutmue. with eaftft lytic residues in OnW 
fcu* and cine binding liganda in botdfht* 
italic*. £r. Af. mx*a nminopeptidaae N C 
terminal extension containing the CP! 
signal peptidr. not found in other anitno- 
peptidases. 
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rllic J) protein deturminod by Edman degratluLion extenck from 
A»P" to Pro 4 * (Fi«. The present of rc-aiduoo upstream of 
*"gg^t* that in M. stxta, aminopeptidaso N ia syiith«- 
ftLzftd as a larger precursor protein and is Irimniod to a mature 
product by limited proteolyaia. There aru four conaonsua Afin- 
X-Sex/rhr sequonvPA, indicating poasible Af-glyco»yUtion aites 
in the protein. 

Homology to Other Aminopeptidaw Searches of the 
SwissrVot (KMBL) pmteia sequence daUj hnac with the pri- 
mary structure of M. sexta aminopaptidubu N showed signifi- 
cant aimflnrity to human (31* iduntity) (18), rabbit (31 9f> iden- 
tity) (19), and rat amtaopeptidaae N (31% identity) (20), to 
ftininopepUdaTO ywll from Sa<?eAarof^yee/» ccn-viuiae (29% 
identity) (21), alanine ormnopeptidaao (pcpN) from lactobacte. 
rium (27% Identity) (JW), and alao to mouae (29% identity) (23) 
and human (2ft% idenbty) <24) aminopoptiduHe A. A multiple 
Hfinwenco allgnmenl beLwiwn thcae known aminopepUdoac oe- 
quenctw mid the M. texta ae^uenee showed that the moal alrik- 
ing aimilurity was around tlic characteristic and functionally 
crucial tine-binding motif between rusiduee Ho 3 * 4 and .Phtf** 58 
(Fi^. %Al This sequence daHHifics the Af. soxui protein m u 
member of the aminopeptiduse family of gluzkidna, with 
His"", Hia*», and Olu^ 1 * being dnc liganda and Olu 858 being 
involved in catalysis (26X An obvious difT«r«nce in the align- 
ment was thH O-tcrminnl 40-60-reaidiic <*x(enaion of tho Af. 
stxta sequence, which includes the GPI unchnr signal peptide 
(Fig. OB; see Imlow) This feature probably WifWta the fact that 
other membrane-bound aminopeptidaaes are ganaroUy an- 
chored by an N-torminal Mii^not anchor sequence. 

Membrane Anchoring— In the epithelial cells of mammalian 
kidney »nd intestine aminopeptidaae N is a type JI mombrane 
protein, anchored by an uncJeavcd N-terrmnal signal anchor 
sequemrK and with a C-terminal extmccliulur domain (26, 27). 
However, treatment of Ml *cxta brush border membrane vesi- 
cles (RHMV) with proteinase K leads to the release into the 
supontutant of a 100-kDo soluble form of aminopeptidase K, 
with the same N-terminal amino acid sequence as the mem- 
brane-bound form of the probe n (data not shown). Thm eng. 
geata that the Af. wxin aminopuptidaHe N is a type T membrane 



protein, anchored in the membrane by a C-lunxiinal "stop- 
trunsfer* sequence and with an N-terminal extracelhilor do- 
main. Such a topology would require an N-tcnninal cleavable 
siKnal peptide to initiute translocation acruai^ the endoplasmic 
reticulum membrane (27). 

A hydropathy plot uf the predicted primary structure (Fig. 
44) reveal* one region ut the N terminus and une at the C 
terminus with hydropathy averages greater than 16 and thus 
capable of spanning the membrane in a helical conlbrmation 

(28) . Although there is a third and comparatively shorter hy- 
drophobic region centered around Ala 248 , biochemical analysis 
of the protein (preceding paragraph) indicates that it is un- 
likely to bo a transmembrane bp.lix. Analysis of the N-terminal 
hydrophobic region by the weight-matrix method of von Hcijne 

(29) for predicting signal sequence cleavage sites yields a 
"score" of 7.8 for cleavage after residue IB, while all other 
residues give scores of 1.9 or leee. Known cleavage sites in other 
proteins typically have scores of 6-12. The algorithm gives a 
correct prediction in 75 of cases <Z9\ and nn this evidence 
it Scorns probable that the N terminus of the deduced polypep- 
tide is a cleavable signal sequence, with scission by the signal 
peptidase occurring on the C-terminal side of Thr ls . According 
to this predicted topology, the sequence between Thr ,r ' and 
Aap' B (the N terminus of the mature protein aa determined by 
Fdman degradation) constitutes a propeptide, the proteolytic 
release of which might serve to uviivute pro-aminopeptidose N. 
Although activation propeptides are a common feature of many 
proteases, hormones, and growth factor* (reviewed in Ref. 30), 
there 1b only one other example of a putative propeptide region 
in an flrofnopeptidase, predicted from tho cDNA-nYrivod pri- 
mary structure of aminopopLidase Y in S. cerevisku* (3D. 

A closer examination of the C-terminal hydrophobic se- 
quence suggests that it is not the r top-transfer sequence nf a 
typo I membrarto protein (27) since it lacks charged residues 
flanking the hydrophobic region, particularly positive charge at 
the C terminus typically found in such sequences (32-34). 
However, it does show thu characteristics of a signal peptide for 
the addition of a gtycosylphosphatidylinositol (GPI) anchor: a 
^terminal run of 19 hydrnphnbtc residues (Ile 07a -Ala :,lw ), pre- 
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Fia 4. A, hydropathy plot of the At. Mxta aminopeptidofte N protein 
sequence. The method of Kytc and DooLittlo (28) wm* u «cd with aver- 
Aging over a windnw tf f 11 residues. Hydrophobic^ iraultod in positive 
nnd HydiopJiilMiiiy in negative values. B, schematic diagram of M texta 
aminopeptidiim: N protein sequence. The predicted N-terminal cleav- 
abltf *4fnu) peptide (opo.n hnx) is followed by a prudicUnl pro-pepttde 
(filled httx). The horizmanlly hatched box represent* fchr ^uzrncin motif, 
while at the C termiuuM there is a predicted 0-glycogylauxl stalk (dotted 
box) And the GPT Kignui peptide (din^onaUy haUrhed box). The four 
potential AMinked glycoaylation Rites are indicated as Anon*. 

ceded by n cluster of three small residues (Cly^-Gly*'", sec 
Pig. 2). winch functions as a cleava^attachmcnt site (35, 36). 

A common diagnostic test for a GPI-anchored protein (37) ia 
to deroonstrnifi its release from the membrane by bacterial 
Pi -PLC. Following incubation of M. Rttxta BBMV with Pl-PLC, 
16.0 T 0.4% of total aminopeptidasft N activity was released 
into the*, supernatant (« = 4) compared with a release of 4.8 ± 
0.9% in the absence of Pl-PLC! (n ~ 7). In comparison, PT*PLC 
released $3.5 ± 2.fVfc of alkaline phosphatase activity into the 
supernatant (n ~ 4), compared with 9.9 ± XV<& rclcuae in the 
control in - 4). Differential solubilization by detergents can 
also be used to predict the presence of a OPl membrane anchor 
<38, 39), since only detergents with a high critical micellar 
concentration (CMC) arc able to releane signUicuiit amount* of 
C PI -anchored ectocnzymes into the supernatant, 'treatment of 
M. vexta BBMV with 0.5% CHAPS (high CMC) rcluuaed 78% of 
the total aminopeptiilas* N activity into the supernatant { n ^ 
2), while 0.1% Tnton X-100 Oow CMC) released only 1% of total 
activity (a = 1). AlLhuugh Pl-PLC releaspft unh/ a fraction of the 
total aminopepttdaso N activity into the supernatant, this re- 
sult demonstrates that at least a proportion of the Af. acxta 
en2yme is linked to tho brush border membrane by a RPr 

anchor. A similar Study (40) showed that aminopeptidase N La 
the brush border membra™ of tho cloaely related lepidopternn 
Bothbyx mnri is also G PI- anchored Pl-PLC caused a maximal 
40% relcusc of B, morc" aminopeptidase N activity compared 
with a 90% release of alkaline phosphatase activity. 

DISCUSSION 

In this study, partial amino acid sequence from aminopepti- 
dase N purified from Af. stxla midgut epithelium as a putative 
Q. thurirtuinnsis CrylAfc) toxin rocepf-of was used to isolate M. 
**xto midgut nminopeptidase N cDNA clones by a PCR-ba*ed 
approach. Analysis of the 990-residuc deduced amino acid se- 
quence indicuUdS that it is a large p lipoprotein (Fig. 4B\. The 
two pre-rp^ion» ure the C-terminal GPI signal sequence (resi- 
dues 968 990) and the (predicted) N-tenninal cleavablo signal 
sequence (residues 1-15), while the sequence between the pre- 
dicted Mgnai pcptidaae cleavage eitu and the N U^rminus of the 
mnture protein (reaidu** 16-35) is presumably a pro-region. 
Follow Uik proteolytic reloasc of those pre- and pro-aequenc.es, 
tlw* mature polypeptide would then be 934 residues long, with 
n calculated molecular maas of 105 kDa. A 33-amino-acid long 
rejnnn (reeiduea 93fi-967) immerhotoly preceding the GPI nig 



nal peptide in rich in serine and threonine residues, which are 
potential 0-glyisn»ylation sites,, and also in the helix-breaking 
amino acid proline, commonly found in 0-tumu. By analogy to 
decay accelerating factor, sucrHse/iBomaltase, low density li- 
poprotein receptor, And the mucin protein family (review™! in 
Kef. 41). this regum may represent a rigid, O-tflycnsylatcd stalk 
that serven to elevate the active sito of the enzyme well above 
the cell surface. The mature protein sequence also has four 
consensus JV-glycoaylation sites, and lectin binding studies 
have indicated that at least one of these sites is occupied,* The 
presence of covuluntly attached carbohydrate may explain the 
observed difference between the molecular mosa of the purified 
enzyme (120 kDa) and that of the polypeptide predicted from 
cDNA sequence (105 kDa). 

A number of ectoenfcymes are now known to possess GPI 
membrane unchorB including acetylcholinesterase, alkaline: 
phosphatase, microsomal dipeptidasc, 5'-nuclcotida$e, trc- 
haluse. and aminopeptidase P in mammals (reviewed in fiefs. 
42 and 43) and alkal ine phosphatase (44) and aminopepttdase 
N (40) in the midgut of the lepldopteran larva H mcrL Zi is 
common to find that treatment of ectoenzymea with Pl-PLC 5 
releases only a fraction of the total aaivity. This observation 
implies that the uncleaved enzyme populntian is either an- 
chored by u modified GPI structure Uiat is insensitive to PI- 
PIXI ( reviewed in Rcf 3«) or by a crmventionnl (^terminal 
hydrophobic aininu acid sequence that arises by alternative 
Splicing of a single nuHNA transcript, as is known to be the co.Be 
with neural cell ndheslon molecules (46). Although M. sexto 
aminopepttdase N activity l» relatively resistant to PI-PLC 
release, this latter explanation fleems unlikely since Northern 
blot analysis indicates that there is only one aminopeptidase N 
transcript in M. sexto midgut mRNA preparations fl Therefore 
the relative resistance of U. sexta aminopcpUdase N to TI-PLC 
cleavage is pmhably due to modification to th« GPI anchor 
structure itself. 

In addiUon to its role as a receptor ibr B. thurinaumsis 
CryIA(c) toxin, uminopeptidase N is known to be comman- 
deered as a receptor by human (9) and porcine (8) corcnavi- 
ruses, and by a human herpesvirus (10). In the latter two cases, 
Studies demonstrated that the catalytic site and the viral bind- 
ing site were on different domains and that aminopeptidase 
enzyme activity wh» not necessary for viral infection < 10, 47). In 
nur hand* CrylA(c) toxin haR nn effect upon aminopepbdaae N 
activity, wliieh suggests that, like the virusee, the toxin binds 
at a site distinct from the eHtalytic site. As an exopcplidase, 
Aininopeptidase N cannot itaulf be involved in Uju proteolytic 
uctivation (48, 49) of the 133 kDa CrylA(e) protoxin to the 
^-kDu active toxin. Nor could it be responsible for cleavage of 
loop regions within the active toxin (50), although in theory the 
enjymc could contribute to any N-terminal trimming reactions 
following nndoprotease cleavage, 'i hus, it seems that the fea- 
ture of aminopeptidase N being exploited by both tho vi ruses 
and CrylAf e) is Rimpiy itft abundance at the apical membrane or 
epithelial cells, irrespective of its function as a protease. This 
does not preclude the possibility that following binding to the 
aminor*eptiduae receptor, CrylA(e) toxin may subsequently in- 
teract with other membrane components to which aminopepti- 
dase N is functionally linked. 

Vadlamudi et a/. (51) identified (and aubeequently puriried) a 
210-kDa putative CryIA(b) receptor in the brush border mem- 
brane tit At. sexta. The same authors (46) recently reported the 
cloning from Af. aexta of this putative CrylA(b) receptor. The 
cDNA clone ehuidua a novel cudherin-like glycnprutein which, 



•3 
a. 

3 



ft 
o 

B 

o 

! 



g 

cn 



tt P. J. K. KnigltL. unpublished data. 
J J. C. Mertiuvx, unpMbliohed debt. 
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when expressed iii hi Dirt COS-7 or human embryonic 298 cells, 
was able to bind CrylA(b) toxin in ligand blotting experiments 
and in the lutttn* case also in homologouH bindin g assays. 

The demonstration (6) that partially purified aminopepti- 
dase, whan incorporated in lipOHrnnrw, requires dramatically 
lean CryLAic) toxin to induce a giveu amount of M Kb + leakage 
compared wrth vesicles containing no brush border membrane 
proteins strongly suggests that the 120-kDo aminopeptidaoe N 
glycoprotein functions as a CryIA(c) receptor in vivo. Having 
cloned Af. sexto aminopeptidasi: N, we axe in a poaitiun to 
directly investigate its interaction with CryIA(c) toxin. 
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